Abstract. Schwann cells from a variety of nerves in two adult horses and one adult pony contained perinuclear intracytoplasmic inclusion complexes consisting of lipid droplets, variably electron-dense rounded to elongated bodies and rod-shaped multilamellar structures. The latter were characteristic of pi granules of Reich. There were no significant axonal or myelin alterations associated with these inclusions. It was concluded that the inclusions are a component of normal equine Schwann cells.
Abstract. Schwann cells from a variety of nerves in two adult horses and one adult pony contained perinuclear intracytoplasmic inclusion complexes consisting of lipid droplets, variably electron-dense rounded to elongated bodies and rod-shaped multilamellar structures. The latter were characteristic of pi granules of Reich. There were no significant axonal or myelin alterations associated with these inclusions. It was concluded that the inclusions are a component of normal equine Schwann cells.
Pi (a) granules of Reich are perinuclear metachromatic, lamellar intracytoplasmic inclusions of Schwann cells which are not infrequent in human peripheral nerve.1.7JoJ2J5 Similar granules have been found, but not described in detail, in Schwann cells of the ape, sheep, tiger, mouse, rat, rabbit, dog, goat, and h o r~e .~J~J~,~~ We describe pi granules and related inclusions in peripheral nerve of two horses and a pony and call attention to what may be their relatively high incidence in adult Equidae.
Necropsies were performed from 30 to 120 minutes after euthanasia in the following: a 7-year-old Quarter horse gelding with dysphagia and guttural pouch inflammation, and a clinically suspected vagal neuropathy (case l), a 1 0-year-old Tennessee Walking stallion with a gunshot wound of the lee. but without clinical neurological disease (case 2), and a -6-year-old grade pony gelding with no clinical disease (case 3).
Segments of the proximal portion of the vagus nerve (cases 1 and 3), its pharyngeal (cases 1 and 3) and left cranial laryngeal (cases 1 and 2) branches, and medial palmar nerves (case 3) were taken. All nerve segments were gently straightened on a strip of index card and fixed by immersion in 2% glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for 48 hours at 4 C. The tissue was subsequently rinsed in buffer, post-fixed in phosphate buffered 2% osmium tetroxide for 2 hours, dehydrated and embedded in epoxy resin. One pm thick sections were cut and stained with toluidine blue and safranin for light microscopy. Eighty nm thick sections were cut from selected blocks, stained with uranyl acetate and lead citrate, and examined in a JEOL 100 CX-I1 electron microscope at 80 kV.
Light microscopic examination of all peripheral nerve specimens revealed the presence of prominent intracytoplasmic inclusion complexes in Schwann cells of myelinated nerve fibers. These consisted of closely related lipid droplets, clear (unstained) vacuoles, and deep staining, often metachromatic oval-to-elongate bodies (Fig. l) . Staining of the lipid droplets mimicked that of adipose (fat) cell cytoplasm. Metachromatic bodies frequently were straight or curved, rod-shaped structures. Some Schwann cells only demonstrated the rod-shaped bodies or lipid droplets and/or vacuoles. (Figs. 2, 3) . A few lipid droplets with electron-dense components were also evident. Other variably electron-dense bodies of rounded to elongated shape were aIso seen in the inclusion complexes (Fig. 2) . These bodies were largely amorphous, but sometimes had parallel lamellar or granular components. In their rounded forms they resembled lysosomes.
In perinuclear Schwann cell cytoplasm of all animals, but particularly in case 1, striking rod-shaped lamellar bodies of varying thickness were a prominent feature, often being a component of the above noted inclusion complexes (Figs. 4-6 ). These rod-shaped bodies were straight, or sometimes curved, and usually consisted of parallel arrays of lamellae with a periodicity of about 5 nm, except where separation was increased by local deposits of amorphous electron-dense material (Fig. 6 ). This periodicity was markedly less than that of myelin (Fig. 5 ). Lamellae were not always seen in the rod-shaped bodies (Fig. 4) . The margins of the rod-shaped bodies were sometimes encompassed by definitive membranes, but more often granular material was condensed on their periphery (Fig. 4) . These inclusions varied from 0.5 to 4.0 pm in length and were sometimes arranged in parallel stacks or chains (Figs. 2-4 ). They were often in direct contact with masses of amorphous electron-dense material (Fig. 5) . Sections of some cells revealed rod-shaped bodies in the absence of other components of the inclusion complexes (Fig.  5) .
Stacks of rough endoplasmic reticulum were sometimes seen in regions of Schwann cells containing these inclusion complexes, particularly in case 1 (Fig. 3) . Cisternae of rough endoplasmic reticulum sometimes directly contacted components of the inclusions. Whether this was a mechanistic or chance event could not be determined.
Lipofuchsin-like material was sometimes seen in affected Schwann cells. No significant degeneration of inclusion bearing Schwann cells nor of their myelin internodes was recognized. Rarely there were protrusions of adaxonal Schwann cell cytoplasm and plasmalemma, and adjacent axolemma into the axoplasm, indicating an effort to sequester portions of the latter. Schwann cells encompassing unmyelinated nerve fibers were not noted to contain the cytoplasmic inclusions described above.
There were several components of the inclusion complexes, including lipid droplets or vacuoles, and variably electron-dense bodies. Some of the latter had ultrastructural similarity to lysosomes although histochemical investigations to evaluate the enzymatic activity of such structures were not done."J5 A prominent feature of the inclusion complexes were rod-shaped, frequently lamellar bodies which were ultrastructurally consistent with pi granules of Reich as reported in human Schwann
In man these Schwann cell inclusions have been described as elongated, perinuclear, metachromatic bodies, ultrastructurally consisting of lamellar arrays often with associated amorphous material of varying p r o p~r t i o n s .~,~J~J~J~ Lamellar periodicity was noted to be in the area of 5 nm and some variation in degree of lamination, likely an effect of plane of section through the inclusion, was reported.15 All these features were present in our equine pi granules.
A relationship between components of the equine Schwann cell inclusion complexes, lipid droplets, amorphous osmophilic material and multilamellar pi granules, was suggested by the material studied. Proximity of these to one another was seen. Since pi granules have been considered to be rich in polar lipids such as phosphatides, sulfatides or cerebrosides, a physical and metabolic association with lipid droplets would be e x p e~t e d .~J~J~J~ Furthermore, the close association of pi granules with lysosome-like structures in our equine cases is consistent with data of other workers who considered that these inclusions represented undegraded material in secondary l y s o s~m e s .~J~J~ The prominence of stacks of rough endoplasmic reticulum which we found near pi granules and related lipid droplets in Schwann cell cytoplasm has been noted in humans and mice and may reflect a reactive response on the part of the cell.2,5J6
The pathological significance of pi granules in peripheral nerve disease is unclear. An increase in such bodies has been associated with myelin, axonal or wallerian degenerati~n.~.~.~ Pi granules were considered residue of myelin breakdown, or a reflection of a defect in lipid m e t a b o l i~m .~~~~~~~ Other workers indicated that these granules had no association with neurological disease although they may increase with age.1,9,13J5J7 It has been suggested that pi granules may be involved in myelin m e t a b o l i~m .~~
In this study pi granules in equines were seen in the absence of significant nerve lesions.
Other studies of equine peripheral nerve have revealed crystalline, membrane-bound, lipid-rich cytoplasmic inclusions in Schwann cells of unmyelinated fibers and fibroblasts of a mare with lymphosarcoma and in endoneurial fibroblasts and related perineurial cells of horses with neuritis of the cauda e q~i n a .~,~ In the latter instance the inclusions contained alternating light (35 A) and dark (50 A) bands on longitudinal section and were surrounded by double membrane^.^ Although we examined a limited number of animals, our study suggests that myelinated fiber Schwann cell perinuclear cytoplasmic inclusion complexes consisting of lipid droplets, variably electron-dense bodies, and pi granules may be relatively frequent in normal adult equine peripheral nerves. These inclusions are more apparent if peripheral nerve tissue is processed using osmium post-fixation and epoxy resin embedding procedures. In man, growth hormone (somatotropin)-producing pituitary tumors are well do~umented.~ Well-differentiated tumors are composed of acidophils; the remainder consist of sparsely granulated chromophobes. Elevated growth hormone production causes gigantism in children and acromegaly in adults. Growth hormone has a diabetogenic effect. Approximately 60% of acromegaly patients have glucose intolerance, 10 to 30% have fasting hyperglycemia, and less than 10% require insulin the rap^.^
The production of growth hormone by pituitary tumors in animals has on rare occasions been suggested or presumed. Capen2 cited a 1923 report of an English bulldog with a pituitary acidophil adenoma and thickened cranial bones. A crossbred gelding with a chromophobe adenoma and a Boston temer with an acidophil carcinoma each had diabetes mellitus supposedly due to tumor growth hormone production.' A boxer with hyperplasia of five tissues and ten types of neoplasms including an acidophil adenoma and thyroid adenocarcinoma was reported.6 Growth hormone or thyroid hormone production was given as a possible mechanism for the development of hyperplastic tissues and multiple neoplasms. In a study of the effects of a luteinizing hormone immunologic method of contraception on the pituitary gland, a crossbred ewe was found to have a pituitary adenoma at the termination of the study.* The ewe was clinically normal, but serum growth hormone was consistently and markedly elevated. Diabetes mellitus in two cats with acidophil adenomas was attributed to growth hormone production; however, growth hormone was not m e a s~r e d .~ This article describes a cat with a pituitary acidophil adenoma, insulin resistant diabetes mellitus, elevated plasma growth hormone, and acromegalic features.
A 5.9 kg 9-year-old castrated male domestic short-hair cat was donated to the Veterinary Hospital of the University of Pennsylvania for the study of its high insulin requirement. The cat had been treated for diabetes for approximately 1 year prior to donation. In spite of daily injections of up to 55 units of protamine zinc insulin, the cat's plasma glucose remained above 200 mg/dl. The cat had not been given megastrol acetate. At presentation the cat had a large head, an enlarged abdomen, moderately large paws, and a protruding mandible. The protrusion became more prominent with time. During the next 18 months, daily insulin dosage was based on plasma glucose levels 7 to 8 hours after the injection of insulin (LenteR, Eli Lilly) in an attempt to keep the plasma glucose between 70 and 120 mg/dl. The insulin requirement varied between 50 and 70 units per day. The cat never had signs of hypoglycemia.
The methods and results of the endocrine and radiographic studies have been described in more detail.3 After 3 days of insulin withdrawal, the glucose tolerance, endogenous insulin, and suppressibility of plasma growth hormone were assessed by intravenous injection of 1 g of glucose/kg body weight (50% solution) and measuring plasma glucose, insulin,
